(1937) refers to such sediment as "Polygordius-sand" after the polychaete he found commonly associated with this habitat. In the region of Roscoff, France, a similar sand is referred to as "Dentalium-sand" after the common scaphopod resident (Kristensen, 1983) .
Polygordius-sand is extremely clean shell hash, nearly devoid of silt and organogenic detritus. Dentalium-sa.nd is more "dirty" or poorly sorted sediment containing varying proportions of finer material. The first semipelagic tardigrade Tholoarctus natans was described from the latter sediment off the coast of Roscoff (Kristensen & Renaud-Mornant, 1983) , and has been found recently in calcareous sediments of tropical waters.
Recently, Italian investigators have published a series of papers on marine tardigrades of the Amendolara Shoal in the Ionian Sea (D'Addabbo Gallo et al., 1986 Gallo et al., , 1987 Grimaldi de Zio & D'Addabbo Gallo, 1987; Grimaldi de Zio et al., 1983 , 1987 . These papers are the first comprehensive systematic and ecological reports on studies of tardigrades from Amphioxus-sand and related calcareous sediments in the Mediterranean Sea. They found 35 species of Heterotardigrada in the region of the Amendolara Shoal; this constitutes the highest species diversity known for marine tardigrades. Zoogeographically puzzling was the presence of some tardigrade species originally reported only from the Arctic: Styraconyx hallasi Kristensen, 1977 ; S, nanoqsunguak Kristensen & Higgins, 1984;  and S. qivitoq Kristensen & Higgins, 1984 . Also unexpected in coarse sands of the Amendolara Shoal were species previously known only from tropical waters: S. kristenseni Renaud-Mornant, 1981; Wingstrandarctus intermedius (Renaud-Mornant, 1967) ; Florarctus cinctus Renaud-Mornant, 1976 ; Mesostygarctus intermedius Renaud-Mornant, 1979; and Parastygarctus sterreri Renaud-Mornant, 1970 .
The first studies of tropical marine tardigrades were conducted primarily by Renaud-Mornant from coralline sand (Renaud-Mornant, 1967a . In their arctic studies, Kristensen & Higgins (1984a) found that the marine subtidal arthrotardigrade fauna was depauperate both in numbers and diversity with the exception of tardigrades fi'om shell-gravel or bryozoa-sand. The suggestion from these studies is that the differences between calcareous and siliceous substrates may be more important than differences in temperature in determining the zoogeographical distribution of marine Heterotardigrada. The best example is demonstrated by the genus Wingstrandarctus, a common inhabitant of fine coralline sand in the tropics. Other congeneric members are found in similarly fine calcareous sediments of arctic waters (Kristensen, 1984) , but these latter sediments are derived from calcium carbonate-encrusted red algae {Lith-othamnion sp.).
Along the East Coast of the United States, the subtidal coarse quartz sand habitat with layers of calcareous sand have been reported to have a rich meiofauna (Rieger, 1980; Ruppert, 1982) , but little is known of the marine tardigrades frequenting such subtidal sediment. Kristensen & Higgins (1984b) described a new family Renaudarctidae from coarse sediment from intertidal high-energy beaches near Fort Pierce, Florida; however, the same kind of sediment is located subtidally 8,4 km off the coast of Fort Pierce, Here, as in many places along the entire coast of the southeastern United States (Cory & Pierce, 1967; Futch & Dwinell, 1977) , this sediment varies from stratified coarse quartz sand to clean shell hash and commonly is inhabited by the lancelet Branchiostoma virginiae. This paper is the first of a series that will describe the tardigrade fauna as well as other meiofaunal taxa of Amphioxus-sand.
MATERIALS AND METHODS
The specimens upon which this study is based were obtained from two samples of coarse quartz sand mixed with shell hash. One was taken 31 January 1983 at the first station of four 8.4-km interval stations extending eastward along the 27°30.0' meridian near Fort Pierce, Florida. The sample, from a depth of 15 m, was obtained using an anchor dredge designed by the junior author to remove a layer of sediment 45 cm wide and no more than 10 cm deep (about 30 liters volume). Of 275 specimens of tardigrades, only 10, all of which were adult, were members of the new genus. The second sample (about 50 liters volume) was collected 4 February 1988 at 5 m depth from the channel of the Intracoastal Waterway (near marker "175") of the Indian River, about 1.6 km north of Fort Pierce, using the same anchor dredge. Of 173 specimens of tardigrades taken, about 100 belonged to the new genus. Both juveniles and adults were common.
Sand from each sample, in about 1-lLter increments, was placed in a bucket of freshwater and agitated for 5-10 sec. This procedure produces osmotic shock, causing the animals to release their grasp on the sand grains, and subsequent suspension of the specimens. The water was decanted through a 63-Mm mesh net, which was reimmersed in seawater where the sieved meiofauna could regain osmotic equilibrium. Once the entire sample was processed in this manner, the seawater containing the recovering meiofauna was decanted through a 63-Mm mesh net a second time. The 1983 sample was fixed with 6% buffered formalin, stored in vials, and sorted later with the aid of a stereomicroscope at 50 X. Using the same extraction procedure, the 1988 sample was not fixed immediately so that live observations could be recorded on video tape using Zeiss interference-contrast optics.
Fixed animals were subjected briefly to ultrasonic vibration to remove detritus, transferred from 6% formalin to a watch glass with 2% glycerin in distilled water, and allowed to evaporate to glycerin over a period of several days. Specimens were transferred to a small drop of glycerin on a microslide, covered with a coverglass, and sealed with Murrayite.
The holotype, allotype, and one paratype were illustrated with aid of camera lucida. Measurements (in ¡xm) were made and the resulting data expressed in a terminology and format used by Kristensen (1984) and Kristensen & Higgins (1984a Paradoxipus n. gen.
Diagnosis.
Halechiniscinae with four similar toes (digits) on each foot. Each toe with proximal suction disc and distal claw. Complete set of cephalic cirri present; primary clavae and lateral cirri arising from distinct lateral extension; buccal clavae, in form of bent sausage-shaped structures situated posterolateral to the mouth opening, extending from flat saccate structures laterally adjacent to mouth cone. Stylet supports, stylets, and placoids present. Paired seminal receptacles with coiled ducts opening lateral to a large female gonopore. Transparent, pointed lateral and caudal alae present.
Etymology. The name of this genus is derived from paradox (Gr.), "paradox" or "strange," and pous (Gr.), "foot," alluding to the foot with toes (digits) having both suction discs and claws.
Type species. Paradoxipus orzeliscoides n. sp. FiCS. 1-3. Faradoxipus orzeliscoides n. gen., n. sp. Fig. 1 . Allotypic male, dorsal view. Fig. 2 . Holotypic l^emale, ventral view. Fig. 3 , Paratypic male (RMK 830131.1), lateral view, an, anus; be, buccal clava; br, brain; ca, caudal caestus; cE, cirrus E; cl, claw; co, coxa; cs, claw sheath; dg, digit gland (claw gland); ec, external cirrus; eg, epidermal gland; fe, femur; ga, ventral ganglion 3; go, gonopore; gu, gut; ic, internal cirrus; la, lateral ala; le, lateral cirrus; mc, median cirrus; mo, mouth opening; mu, muscle; ov, ovary; pa, posterior ala; pb, pharyngeal bulb; pc, primary clava; pi, placoid; s,-s,|, legs I-IV sense organs; sd, suction disc; se, buccal sense organ; sg, stylet gland; sr, seminal receptacle; st, stylet; sv, seminal vesicle; ta, tarsus; te, testis; ti, tibia; to, toe; tr, triquetrum. and R. M. Kristensen, 4 February 1988 , from medium to coarse sand mixed with shell hash, 5 m depth, in the channel of the Intracoastal Waterway in the Indian River near marker "175" about 1.6 km north of Fort Pierce, Florida (27°30'N, 80°20.0"W): Five two-clawed larvae, 10 females, and five males were Fig. 3 ). be, buccal clava; cE, cirrus E; dg, digit gland; ec, external cirrus; ic, internal cirrus; la, lateral ala; le, lateral cirrus; mc, median cirrus; mo, mouth cone; ov, ovary; pa, posterior ala; pc, primary clava; pi, placoid; s,, leg I spine; s.,, leg IV sense organ; sp, spermatozoon; st, stylet; ta, tarsus; te, testis. mounted for study (RMK 880204.1-RMK 880204.10); additional specimens were fixed for study by transmission electron microscopy (TEM), stored in vials with 2% buffered formalin, and retained in the invertebrate collections of the Zoological Museum of the University of Copenhagen.
Description
External structures. The holotypic female (Fig. 2) , 122 /xm long, has a maximal width of 72 ßvn between legs III and IV. The outer segmentation in the cuticle is indistinct and can be observed only in dorsal view. Both the dorsal and ventral cuticle are thin and without sclerotized plates. The cuticle is transparent with fine punctation. Each point represents a pillar situated below the epicuticle.
Cuticular expansions (lateral and posterior alae) are thin and easily overlooked. The alae are always covered by a thick mucous layer with detritus. The ventral procuticle extends into the alae as a proximal support (caestus, Figs. 2, 13) and to the epicuticular elements; the pillars are arranged in a hexagonal pattern. The holotype has a 12-pointed posterior ala and 5-pointed asymmetric lateral alae (Fig. 10 ). The points of the alae are supported by cuticular ridges.
The ventrally bent head is only indistinctly delimited from the trunk and the mouth opening is located posteroventrally. The opening is surrounded by minute teeth (Fig. 11 ) and is situated on a large mouth cone. The structures around the mouth opening can telescopically extend and retract slightly (Fig.  12) . A complete set of cephalic sense organs is present 28) , and although they are best viewed from the ventral aspect (Figs. 2, 33) , they may be difficult to see, especially the buccal clavae. All cephaüc cirri have a flagellum consisting of a thick proximal part and a thin thread-hke distal part; the flagellum is telescopically inserted in the scapus. Only the internal cirrus has a cirrophore (Fig. 24) . The primary clava and the lateral cirrus are mounted on a lateral common pedestal. The two pedestals are connected with a thin epicuticular membrane, which can be observed only in dorsal aspect (Fig. 2) . The median cirrus formula is 8 -I-8 -I-6 = 22 um (this refers to the lengths of scapus + proximal flagellum -I-thread-like flagellum = the entire length of the cirrus) and is situated at the anterior margin of the head as in Florarctus. The internal cirri (12 -I-16 -I-8 = 36 ßm) are robust and slightly ventral. The two internal cirri are connected with a cuticular membrane (Fig. 2) . The external cirri (8 + 8 -H 6 = 22 ^tm) are more ventral, aligned with and slightly anterior to the internal cirri (Fig. 33) . The lateral cirri (12 -f 20 -H 8 = 40 ¡xm) are located dorsally on the base of the primary clavae. The primary clavae (19 iu.m) are bent slightly posteriorly and have 3-4 wrinkles in the cuticle. A distinctly refractile structure "van der Land body" (Fig. 35) is located in the pedestal base (6 Mm). The most conspicuous head structures are the buccal clavae ( Fig.  21 ) and buccal sensory plate (Figs. 22, 28) . The buccal clavae (20 urn) are posterolateral to the mouth opening. They are bent anteriorly and protrude from the edge of a large sensory plate (22 ixm). The sensory plates and the buccal clavae are innervated from separate parts of the brain. Brown globular vesicles were observed in association with the sensory plates. The brain is large and almost entirely fused with the subpharyngeal ganglion. Each sense organ is innervated by a nerve extending from a large ganglion. These ganglia are connected with different parts of the brain, but the exact part is difficult to determine in this case, primarily because the sense organs are located much more ventrally in other tardígrados. The only cirri on the trunk are those designated "E" (30 ixm); each is a complex sensory structure consisting of a bell-shaped cirrophore, a tightly wrinkled scapus, and a threepart flagellum (Fig, 27) , The part of the flagellum which can move in and out of the scapus telescopically has a fine accordion-like configuration. The sensory elements of the first three legs each have a scapus and a two-part flagellum (Figs, (29) (30) (31) 35) , The sense organ of each fourth leg is more complex and consists of a papilla with a small tip and a base. The papilla is clavoid with a refractive van der Land body in the constriction that separates the papilla from the conical base.
Each of the telescopic legs consists of a coxa, femur, tibia, and tarsus of halechiniscid type. Living animals were noted to be able to extend each leg to a length of 50 jum and to retract it to a length of about 20 ^m (the tarsus, tibia, and femur were retracted telescopically within the coxa). The coxa cannot be retracted. All sense organs on the legs are located on the coxa. The coxa of the fourth leg has a double cuticular ridge situated dorsally at the level of the sense organ, which is located laterally between the lateral ala and the leg. The rectilinear tibia is relatively short and not separated from the hand-shaped enlarged tarsus. A triangular extension of the cuticle, the triquetrum, is present on the dorsal surface of the tibia. A middorsal leg muscle attaches to the proximal part of the triquetrum. From this muscle attachment, four minute cuticular fibers run through the tibia, tarsus, and out into the four toes where they attach to the claws (Figs. 35, 37-40 ). The two ventrolateral muscles attach to the articulation between the femur and tibia. From each of these muscle attachments, three cuticular fibers run through the distal part of the leg and attach between the toes. The distal tibia, tarsus, and toes lack cellular elements.
The tarsus bears four toes (digits) of the same length (12-13 ßm). The toes insert distally at the same level on the tarsus. The toes are unique among tardigrades in having both suction discs and claws (hence the genus name Paradoxipus). The oval suction disc adheres to the substrate even after death, but no adhesive substance could be detected. In lateral view (Fig. 34) , the suction discs might appear as a peduncle, but a peduncle is an internal toe structure, Dorsally, the toes have numerous distinctive wrinkles (Figs, 35, 37, 39, 40) . When a claw is retracted within the claw sheath (Fig. 34) , the wrinkles become more pronounced than when the claw is extruded (Fig. 40) . The retraction of the claw reduces the toe length. Each claw can be retracted independently; thus, toes may appear to have different lengths (Fig. 35) . The retraction of the claw in the sheath is a complex movement, and the nonretractile cuticular fiber attaching middorsally to the claw transfers the muscle lOAjm lOjjm FIGS. 8-18, Paradoxipus orzeliscoides n. gen., n. sp. Fig, 8 . Male gonopore and the trifúrcate anus. Fig. 9 . Female gonopore and the trifúrcate anus. Fig. 10 . Ventral view of seminal receptacle with the convoluted genital tube and the lateral ala with Eve asymmetrical spikes. Fig. 11 . Ventral view of the mouth cone and the bucco-pharyngeal apparatus. Fig. 12 . Lateral view of mouth cone and bucco-pharyngeal apparatus (pharyngeal bulb is not illustrated). Fig. 21 . Ventral view of mouth cone, primary clava and leg I (allotype). Fig. 22 . Lateroventral view of mouth cone and cephalic sense organ. Note that the insertion of buccal clava is posterior to the mouth opening, ap, apódeme (ventral) on buccal tube; be, buccal clava; bu, buccal tube; ec, external cirrus; fu, furca of stylet; ic, internal cirrus; mp, mouth opening on extruded mouth cone; ne, nerve to internal cirrus (sensory dendrite); pb, pharyngeal bulb; pc, primary clava; pi, placoid; se, buccal sensory plate; st, stylet; su, stylet support; to, toe (digit). contraction in the leg to the toe. The claw (4-5 /xm long) is of the "simple type," without accessory hooks or external calcar (Fig. 40) . Table I provides measurements of morphological features of the holotype and paratypes.
Internal structure. The central nervous system (Fig. 2) consists of a large three-lobed brain totally fused with the large subpharyngeal ganglion, both located in the head, and four large ventral paired ganglia, one pair in each of the four trunk segments. A pair of refractive epidermal glands are present in the head and in each trunk segment.
The reproductive system (Fig. 2) of the holotypic female has a single large ovum in the dorsal ovary (Fig. 4) . The female gonopore (Figs. 2, 9, 34 ) is located caudoventrally, just in front of the fourth pair of legs. The distance (Fig. 9) between the gonopore and the anus is only 6 ^m. The gonopore is large and consists of six rosette cells, each with a cuticular valve. Surrounding the gonopore is a ring of sphincter muscles (Fig. 9 ) which appear to match the six rosette cells when the muscles are contracted. The two seminal receptacles open laterally, about 15 Mm from the gonopore. The genital ducts (Fig. 10) are strongly convoluted and extend into each seminal receptacle. Each seminal receptacle is curved, slightly twisted along its long axis, and is located in a lateral projection below the lateral alae.
The mouth cone is located posteroventrally on the head. The buccal tube is short (20 Mm), and its wall is relatively thick with a large midventral dropshaped apophysis. The wall of the tube is thicker where the stylet supports insert (Figs. 11, 12 ). The stylets are thin and short (21 Mm). The anterior part of the stylet is hollow (Fig. 19) , the posterior part is furcate where the stylet supports insert. The pharyngeal bulb is 16 Mm in diameter with three calcareous placoids (Figs. 19, 20) . A, large pharyngeal apophysis is located rostral of the placoids. A short esophagus leads to the four-lobed midgut. The lobes are distinct and have many white globular vesicles. The lumen of the rectum is tripartite and gives the anal region a three-lobed appearance where it opens near the caudal edge of the trunk.
The allotypic male (Fig. 2) , 125 Mm long, has a maximum width of 73 Mm. No secondary sexual dimorphism exisl:s in Paradoxipus orzeliscoides, and the males are similar to the female in size The male gonopore is located caudally about 4 Mm from the anus. The gonopore consists of a small papilla with a crescent-shaped opening. Inside the papilla are the openings of the two sperm ducts. The dorsal testis may extend to the region of the pharyngeal bulb; two seminal vesicles are situated laterally. The germ cells in the testis consist of spermatocytes or spermatids (Figs. 14-16 ). Spermatozoa with rod-shaped heads and coiled tails are present in the seminal vesicles (Figs. 17, 18) .
juvenile stages. The "two-clawed" larval stage, the first instar (length 82-87 Mm), is unusually large. It lacks alas, the claws are relatively large (3 Mm), and the suction discs are relatively small (3 Mm) relative to those of the adults. Except for large sausage-shaped buccs.l clavae, the first instar appears similar to the same stage of Halechiniscus.
The juvenile "four-clawed" stage is estabfished with the first molt. The second instar (90-102 Mm) appears similar to the mature adult, except for the lack of a gonopore. The alae are well developed. We postulate the existence of only two "juvenile" instars. Additional paratypes. A paratypic male (RMK 830131.1) was mounted in a lateral position (Figs. 3, 7, 19 ). This view reveals a compact, nearly box-shaped body profile with a strongly depressed head. Paratypic specimens exhibit considerable variation in the shape and extent of both lateral and posterior alae. Numbers of spikes of posterior alae vary from 6 to 12, and numbers of spikes of lateral alae from 2 to 7. Alae are often asymmetrical and may be broken off or eroded in older animals.
Two paratypes were treated with OsO^ vapor (Figs. 6, 35, 36 ). Both the leg and trunk muscles were remarkably well preserved. The leg has at least eight muscles, but only three of them appear to be involved in the function of suction discs and claws. All muscles are cross-striated, including the minute double muscles situated dorsally in the trunk (Fig. 36) .
FIGS. 23-32. Sense organs of Paradoxipus orzcHscoides n. gen., n. sp. Fig. 23 . Common pedestal (socket) for lateral cirrus (Ic) and primary clava (pc). Fig. 24 . Internal cirrus (ic). Fig. 25 . Median cirrus (mc). Fig. 26 . External cirrus (ec). Fig. 27 . Cirrus E (cE). Fig. 28 . Buccal clava (be) and buccal sensory plate (se). Figs. 29-32. Sense organs (s^-s^) of legs I-JV, FIGS. 33-36. Paradoxipus orzeliscoides n. ger., n. sp. (interference-contrast micrographs; all to the same scale). Fig. 33 . Ventral view of cephalic sense organs and leg I. Note the suction disc adhering to the coverglass (holotype). Fig. 34 . Ventral view of the female gonopore, seminal receptacle, anus and lateral view of leg III with toes (holotype). Fig. 35 . Primary clava and leg I (holotype). Fig. 36 . Optical view, dorsal level of trunk muscles with oval muscle attachment, an, anus; at, muscle attachment; be, buccal clava; cl, claw; es, claw sheath; ec, external cirrus; fe, femur; go, female gonopore; ic, internal cirrus; mu, dorsal trunk muscle; nc, nerve to primary clava; np, nerve to sense organ of leg 1; pc, primary clava; s,, sense organ of leg I; sd, suction disc; sr, seminal receptacle; ta, tarsus; th, thread-like part of external cirrus; ti, tibia; to, toe (digit); tr, triquetrum; vb, van der Land body; zd, z-disc of muscle.
FUNCTIONAL MORPHOLOGY OF THE LEGS
We suggest that the development of telescopic legs with both claws and suction discs on the toes are adaptations for living in both the upper detritus layer and in the interstitial water between coarse sediment particles. Strongly telescopic legs and toes with claws are common in the family Halechiniscidae. In the two samples containing Paradoxipus orzeliscoides, representatives of five other halechiniscid genera were present; Florarctus, Wingstrandarctus, Raiarctus, Tholoarctus, and Tanarctus. Members of these genera normally are associated with the detritus layer, and .ill are well adapted to a semi-planktonic life (Grimaldi de Zio et al., 1983) and lo passive transportation by strong water currents. These adaptations are manifested in the development of long appendages, e.g., clavae and cirri {Tancrctus and Florarctus); modifications of the cuticle, e.g., long lateral pillars (Raiarctus), bell-shaped epicuticle (Tholoarctus), or wing-shaped alae (Wingstrandarctus, Florarctus) . Video recordings of these genera show that body movement is slow and awkward when the animals are in contact with detritus or algae, but when suspended, even momentarily, they are able to extend and withdraw the telescopic legs rapidly and with great agility. Only cross-striated muscles were seen in the legs of the above genera.
The family Stygarctidae was represented in the samples only by members of the genus Parastygarctus. We assume that these animals were associated also with the detritus layer inasmuch as they have some adaptive and behavioral features similar to those of the Halechiniscidae. Members of the genus Parastygarctus have a strongly dorsoventrally flattened body (Renaud-Mornant & Anselme-Moizan, 1969) , the feet lack toes, but the internal claws have extremely long accessory spines (hooks). Often, the entire body is covered with a detrital coat (Renaud-Mornant, 1967b) and thc^ animal moves sluggishly.
The family Orzeliscidae was represented in the samples by Orzeliscus helopus. Our specimens of O. belopus probably occurred much deeper in the sediment, because members of this species are known to live interstitially. The compact body shape and short cephalic and trunk appendages adapt O. belopus well for an interstitial existence. This species had a typical, slow bear-like gait when it was removed from a sand grain. Individuals did not adhere to the detritus, but exhibited a pronounced stereotaxis to both quartz and coralline sand grains. The legs are less telescopic than in representatives of other genera and the four large suction discs cannot be fully retracted into the leg.
The family Batillipedidae was represented in the samples by three undescribed species of the genus Batillipes. Two of them have a robust, box-shaped body, and the third species has a ventrally flattened body with relatively long appendages; these are characteristics we have come to associate with the quartzsand biotope. The movement of the trunk and the legs is extremely fast when they lose contact with the respective substrata (sand grains), and individuals run more rapidly across the bottom of a Petri dish or a glass microslide about 100 yum per second. Being able to move relatively rapidly may be an important adaptation for living in the upper layers of coarse sand. These members of Batillipes do not appear to attach to the detritus. The morphology of the legs of representatives of this genus has been studied extensively by McKirdy (1975) and Kristensen (1976) . The adults have six toes, of different lengths and of a noticeably different structure from that of the toes of Orzeliscus (see Pollock, 1982) .
When first seen alive under the stereomicroscope, specimens of Paradoxipus were thought to be juveniles of Batillipes because of their four-toed configuration and the rapidity of movement from sand grain to the Petri dish bottom, This latter feature (rapid locomotion) was until nou' manifested only in the family Batillipedidae. We noted that in at least one instance, a specimen encountering a piece of green algae unhesitatingly associated with it rather than with nearby sand grains.
During this series of observations, we noted that there seemed to be no discernible behavioral or morphological differences among specimens flushed from their habitat with or without prior exposure to fresh-water (osmotic) shock. Of those subjected to fresh-water treatment, the paratypic male (RMK 830131.1) still was adhering to a round piece of green algae with its extruded claws; three other paratypes were still attached to sand grains using only the suction discs as an anchoring mechanism, while three remaining specimens had dissociated from whatever substrate they adhered to before treatment.
Until now, only a few species of the family Halechiniscidae, those belonging to the genus Styraconyx, have been described as possessing adhesive, heartshaped ventral discs, and these only on the internal toes (Kristensen, 1977) . As noted in the description of the new genus Paradoxipus, the presence of both four elongated suction discs and claws is unique. These structures represent an adaptation that appears to facihtate living in a broader range of microhabitats, namely in the interstices of the sediment particles and in association with the organogenic debris at the water-sediment interface. Evidence of this is borne out by the morphology of the leg anc trunk muscles. The double middorsal muscles (Fig. 36) , as well as the leg muscles (Figs. 37-39) , are striated. Kristensen (1978) reported the same type of muscle in Batillipes noerrevangi and postulated that it increased speed and synchrony of movement of legs. A video recording of Paradoxipus indicates that P. orzeliscoides uses the suction disc on hard substrate and the claws on the soft organogenic sediment. Furthermore, all four pairs of legs are used telescopically when the animal is cUmbing. When the animal is running, the first three pair of legs are moved in a characteristic ambling pace without using the claws. The fourth pair of legs are not used in this rhythmic movement; they remain relaxed and free from the substrate as in Batillipes (see Marcus, 1929; 154) , If the animal is disturbed while running, the fourth pair of legs are activated immediately and enable the animal to develop maximum attachment to the substrate. The fourth legs also are used when the animal is moving backwards. The dorsal trunk muscles have a broad attachment zone between the third and fourth segments. In dorsal view (Fig.  1) , the caudal part of this muscle system appears to diverge (Fig. 36) , A pair of muscles for the retraction of the fourth legs are located more dorsally than the crossed or divergent muscle configuration.
All of the distal region of the foot (toes, tarsus, triquetrum, and the distal part of tibia) consists of cuticular material only; no cellular elements are visible. The retraction of the claw into the claw sheath, the independent movement of the four toes, and operation of the suction discs all are operated by a complex system of cuticular muscle attachment fibers. These fibers develop from two lateral apodemos located in the junction between the femur and tibia, and a large apódeme inside the triquetrum. Lateral apodemes were described first by Kristensen (1977) for Styraconyx hallasi. The dorsal apódeme inside the triquetrum has been observed only in Paradoxipus and Orzeliscus, but it also may be present in Chrysoarctus. The four cuticular fibers from a middorsal apódeme retract the four claws (Fig. 39) and press the suction disc strongly to the surface. The six cuticular fibers from the lateral apodemes (Fig. 38 ) operate antagonistically to the four toe fibers, and, moreover, can move each toe separately.
Comparison of the Legs of Orzeliscus with Paradoxipus
The genus Paradoxipus provides an important link in the postulated evolutionary relationships between Chrysoarctus and Orzeliscus. The unique toe character of Paradoxipus (Figs. 37-40 ) also supports Pollock's (1982) contention that the development of suction discs in Batillipedidae and Orzeliscidae are analogous. The suction discs in Halechiniscidae and Orzeliscidae likely are homologous structures. A closer examination of the leg of Orzeliscus helopus indicated that the suction disc may have developed directly from the type of disc seen in Paradoxipus. The total reduction of claws may be postulated to be autapomorphy for the family Orzeliscidae. The foot of Orzeliscus has the same fundamental structure as that of Paradoxipus. In both genera, the two lateral muscles attach to the articulation between the femur and tibia; the middorsal muscle attaches within the triquetrum. The four cuticular fibers from the muscle attachment in the triquetrum attach to rod-like structures inside each toe, and when this muscle is contracted, the four suction discs are lifted from the substratum. The two lateral muscles are operated antagonistically as in Paradoxipus. The six cuticular fibers from the two lateral apodemes attach between the four proximal round swellings of each toe. When the lateral muscles retract, the four toes are pressed to the substratum.
The fine structure of the toe of Orzeliscus is unique and complex (Fig. 44 ). It consists of six parts. The proximal part is a (1) small stalk inserting directly on the tarsus and is continuous with a (2) round swelling best observed from ventral view. Dorsally, a (3) second swelling is continuous with a (4) middorsal ridge of sclerotized cuticle that supports the long, ventral, and oval (5) suction disc. Between the suction disc and the middorsal ridge a (6) third layer is present. This layer consists of lamellate flexible cuticle, the proximal end of which is attached to the cuticular fiber from the muscle. The three different
